§ 1. Introduction
Many authors made attempts to construct the atomic mass formula including effects of the nuclear shell structure. Among them, Cameron et al. 1 l~s) assumed purely empirical shell terms in addition to a liquid-drop formula. Myers and Swiatecki 4 ),o) and Seeger 6 l' 7 l calculated shell energies as arising from the nonuniformity of single-nucleon levels of spherical or deformed nuclei and added them to their own liquid-drop formulas. Kiimmel et al. 8 l started from a formal summation of single-particle energies in each shell; by dividing it into the liquiddrop part and the shell part and applying some corrections to them, they constructed a mass formula. While these formulas include the liquid-drop part as representing the general tendency of atomic masses, there are other formulas which lack such a part. Zeldes et al. 9 l described atomic masses as a simple expression in valence nucleon numbers; the parameters in it are directly related to the matrix elements of the effective interaction. Garvey et aJ.l 0 l proposed a kind of mass relation from another viewpoint. A detailed review of these formulas was given by Comay et al. 11 l At the present stage, 'each has both merits and demerits and there seems to be room for improvement.
In this paper we construct a mass formula from a somewhat different viewpoint. We start from the Yamada-Matumoto systematics of nucleon separation energies, SP (proton separation energy) and Sn (neutron separation energy) . 12 
This can be rewritten in terms of the masses (00), (01), · · ·: We attempt to embody this systematics in a mass formula. We are mainly concerned with even-even and odd-mass nuclei because odd-odd nuclei exhibit
1. An odd-odd nucleus and eight nuclei surrounding it. The letters between the nuclei stand for the proton and neutron separation energies and (10), (12) , etc. represent the masses.
somewhat complicated properties due to residual neutron-proton interactions. We assume that our mass formula consists of two parts, the gross part and the shell part. U pan this shell part we impose two conditions: it should be small, and should accord with charge symmetry of nuclear forces. The gross part is adjusted so that these conditions may be satisfied. In the following two sections we construct the mass formula along this line and discuss its properties. In the last section we present a mass formula for odd-odd nuclei which is obtained from the above formula by adding two simple terms. § 2. Construction of mass formula
As mentioned in § 1, we first consider even-even and odd-mass nuclei. Accordingly, we pick out only the systematics A because the systematics B is mainly concerned with odd-odd nuclei. In order to embody the systematics A, we take the following form for the mass excess:
Here MEg (Z, N) represents the gross part which is a smooth function of Z and N; Pz(N) and QN(Z) are proton and neutron shell terms, respectively. In order that this expression may satisfy the systematics A, the proton shell term We determine the values of parameters P z and QN by the method of least squares with respect to experimental masses. Moreover, we require them to satisfy the following two conditions:
(1) Gross properties of atomic masses are represented by MEg (Z, N) in Eq. (3) and only the remaining mass excesses are attributed to P z and QN; accordingly, the magnitudes of Pz and QN should be relatively small. (2) In the region of light nuclei (Z, N<20), where the charge symmetry of nuclear forces manifests itself most clearly, the values of Pz should be approximately equal to those of the corresponding parameters QN. Special emphasis laid upon these conditions is the principal point to distinguish our formula from those of Cameron et al. 1 
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Our procedure for calculating Pz and QN is as follows. First, we assume a zeroth-order approximation of MEg (Z, N) taking into account gross features of odd-mass data. Then, we determine the shell terms P z and QN by the method of least squares using the data on even-even as well as odd-mass nuclei. Actually, these leastcsquares calculations have been made by an iteration method.
Next, the values of Pz and QN thus obtained are examined in the light of the above-mentioned two conditions. If they do not fulfil these conditions, we change the gross part. Such trial and error procedures are repeated until no further appreciable improvement in the gross part and the shell terms is possible.
To begin with, we tested Kodama's formula 13 l as our gross part. In that case, however, the second condition was not fulfilled at all although the first one was satisfied fairly well. Consequently, we have partially modified Kodama's formula 13 l as follows C 2 C standard, in MeV) :
where
with Equation (8) is the Coulomb energy of the trapezoidal , charge distribution as shown in Fig. 2 ; its last term is the approximate Coulomb exchange energy calculated on the Fermi-gas model. We use the parameter values r 0 = 1.1 fm and filr-------, .
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.. the j)'-stability line has not been well reproduced by most mass formulas in the heaviest region. 18 >' 15 > It is not known at present whether this defect is due to the gross part or to the shell part. Anyway, this situation is unfavorable for predicting the masses of superheavy nuclei.
The differences between the experimental and the calculated masses are shown in Figs. 5 and 6 . . In Fig. 5 , those of odd-Z-even-N. as well as even-even nuclei are plotted against N; in Fig. 6 , those of even-Z-odd-N as well as eveneven nuclei are plotted against Z. These figures show that the differences are larger for magic nuclei, and smaller for nonmagic nuclei. The standard deviation is 300 ke V for 857 nuclides with 1 <A <257, and 254 ke V for 819 nuclides with 17<A <257. This is somewhat smaller than that of Truran et al. 8 > (about 300 keV for A>20) and larger than that of Garvey et al. 10 > (about 160 keV for A>17). Note that the number of parameters in our formula, =250, is much smaller than that of the Garvey-Kelson formula/ 0 > =450. We can expect that the deviation will be reduced by taking into account the N-dependence of Pz(N) and the Z-dependence of QN(Z). § 4. Formula for odd-odd nuclei
In constructing our mass formula we have excluded odd-odd nuclei because their masses behave somewhat irregularly due to residual neutron-proton interactions. On the average, the distance between the mass surfaces of odd-odd and odd-mass nuclei is smaller than that between the mass surfaces of odd-mass and even-even ones.
In order to see this situation, we first calculate the left-hand side of in- equality (2) (referred to as e) using experimental mass data for all the nuclei concerned, and plot it in Fig. 7 . This figure shows that inequality (2) actually holds for almost all odd-odd nuclei with only few possible exceptions, f?r which the e's are nearly equal to zero. Second, we calculate the mass excesses of odd-odd nuclei using the formula obtained in the previous sections, and subtract them from the experimental ones. Only the experimental· data with errors less than 100 ke V are used. The quantities thus obtained are essentially the semitheoretica:l values of e and are plotted in Fig. 8 . Although the majority of data points lie below zero in agreement with inequality (2) , not a few points lie above zero. In consideration of Fig.  7 , this disagreement seems to be due to ina~curacy of our formula. The dashed line in Fig. 8 
*> According to the shell model, the interaction energy between the last proton and neutron is, on the average, proportional to A_,_ This mass-number dependence is not much different from that of Eo (A) as given by Eq. (10) as far. as heavy nuclei (A>60) are concerned. While it is an interesting problem to discuss the deviation of E from the average curve Eo.(A) in connection with nuclear models, the semitheoretical values of E shown in Fig. 8 
